TO-NIGHT I should like to give you a short account of experiments which throw some light on the etiology of gingival and periodontal disease (" pyorrhcea ") .
This work has now extended over many years, but up to the present I have made only passing references to it. The importance of periodontal disease as one of the commonest afflictions of mankind is generally recognized, and this importance is reflected in the many publications of different workers on the etiology and the pathology of the subject. It is not necessary to remind you of the valuable investigations published by such well-known investigators as Warwick James and J.. G. Turner in England, Gottlieb in Austria and Box in Canada. As far as I know, however, none of these investigators has dealt with the aspect of the disease which I propose to describe, namely, the effect of certain dietetic constituents after absorption from the alimentary canal, on the histological structure of the developing periodontal tissues, and the ultimate variations in resistance to disease shown by these tissues. I wish to show, in fact, that it is possible to produce structural variations in the periodontal tissues of dogs by feeding them on different diets during the period of development, and that these variations are of primary importance in the subsequent onset of gingival and periodontal disease. In experiments on puppies it was soon noticed (1920 Dental Record) that the soft, as well as the hard dental tissues, varied in character when fat-soluble vitamins in the diet were, on the one hand deficient, and on the other abundant. As most of the histological sections in the earlier experiments were prepared by Weil's process, so as to preserve both the calcified and uncalcified tissues intact, they were usually too thick to allow of a detailed examination of the soft tissues, although these were generally retained in situ. More recently, decalcified sections have been prepared from representative regions of the jaws of many dogs, so that a more careful study of the soft tissues has now been made. Defect of the attacking tissues is mentioned by McCollum and Grieves as occurring in a certain percentage of rats whose diets are ill-balanced as regards calcium, phosphorus and fat-soluble vitamins.
The dietetic conditions which control the developmental structure of dental tissues involve, primarily, the fat-soluble vitamins A and D. These vitamins, although at one time thought possibly to be identical, are now known to have different functions. Experiments made both in England and America have shown that an important function of vitamin A is its control of the epithelial tissues, and especially of squamous epithelium; in its absence, hyperplasia, keratinization and even metaplasia of the epithelium have been described. If young animals are fed on a diet complete, except for vitamin A, multiple infective foci are found postmortem. These infective foci have their origin, as a general rule, in those places where squamous epithelium has hypertrophied. Thus abscesses are often found in SEPT.-ODONT. 1 the nasal sinuses, middle ear, base of the tongue, in the pelvis of the kidney and other places. Vitamin A is apparently not specifically a growth vitamin, but rather an anti-infective vitamin [1] . The function of vitamin D is quite different. Its most important action is to control calcification [2] . Thus, in its absence, bone shows either osteoporosis, or is associated with osteoid tissue, or, as in the case of the teeth, hypoplasia and defective calcification result [3] .
The first series of slides demonstrates the effect of vitamin D deficiency on the development of alveolar bone (alveolar crest and lamina dura). The bone, instead of being compact, as in the normal, where much vitamin D was included in the diet, is osteoporotic, with much osteoid tissue. The effect of abnormal development of the lamina dura on the varying width of the periodontal membrane is to be noted. Vitamin A, on the other hand, appears to influence the normal development of the soft dental tissues, and especially the stratified epithelium. With a deficiency of this vitamin the gingival regions are swollen, the epithelium is hypertrophied and the corium shows a reaction to this hyperplasia in the form of cell infiltration. With a deficiency of vitamins A and D, the hard and soft tissues are both abnormally developed.
The following table gives the chief differences found in the periodontal tissues in young dogs on diets varying in their vitamin A and D content. 
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I will now put before you some of the thirty or more experiments which have lasted for periods varying from three to eight years, and which were designed with the object of testing the effects of certain factors of diet on the development of periodontal disease. They definitely indicate that the developmental structure of the periodontal tissues is of profound significance in their subsequent resistance to disease. There is no need here to give any details of the experimental methods, except to say that the mouths of the animals were examined twice a year and radiographs were taken periodically. After death, ground and decalcified sections of many regions were prepared. In the first place I must refer to the fact that it is possible to keep dogs in a laboratory for at least eight years without any definite periodontal disease developing in spite of a soft pappy diet and but little opportunity for general and local exercise. The hard and soft dental tissues of one animal (number 5), for instance, were all normal or almost normal when it was killed after eight years' experiment. The diet for the first year included liberal amounts of vitamins A and D, but after this period for four of the last seven years the vitamins were deficient and the animal ate large quantities of oatmeal.
The comparative effect of diets deficient and abundant, respectively, in vitamins A and D from the time of weaning. to the age of seven years is illustrated in the following experiment: Two puppies (numbers 6 and 7) of the same litter were given the same basal diet including bread, but one animal (6) had a liberal supply of fatsoluble vitamins A and D, whereas the other (7) had little. In the latter, as seen in the lantern slides, disease both of the soft tissues and of the alveolar bone developed, gradually at first but later more rapidly. Some teeth have been shed and pus is present in the pockets surrounding many of the remaining teeth. In puppy 6 little or no pathological change is seen, either clinically or by means of radiographs. A summary of this experiment is tabulated lelow. No microscopical differences can be given as the animals are still alive.
Further slides show the effect of a deficiency of vitamins A and D during the first few months of life only. For instance, two puppies (8 and 9) of the same litter were given a basal diet, including oatmeal, for seven years. Puppy 8 had, in addition, 3 c.c. of cod-liver oil throughout the whole period, whereas puppy 9 received olive oil for the first four months of the experiment and later had 10 c.c. of cod-liver oil. In spite of over six and a half years' feeding on cod-liver oil, periodontal disease developed in animal 9, but not to as extreme a degree as in the previous experiment (animal 7), in which the vitamins A and D were deficient throughout life. Animal S remained free from disease, as shown in the following table: This experiment and others of a similar nature strongly suggest that it is during the developmental period that a good supply of vitamins A and D is essential for the perfect formation of the tissues.
The effect of giving the same quantity of vitamins A and D to two animals, but at different times, is demonstrated in the following experiment.: One animal, number 11, had a deficiency of vitamins A and D during the first few months after weaning; later, for a similar period, a liberal supply of A and D was given, and for the last two and a half years of the animal's life, the vitamins were again reduced. The other animal, number 10, was fed on a diet abundant in these vitamins for the first period after weaning, but from then until it was killed, its diet was defective. Advanced periodontal disease was present in animal 11, but there were only early signs of it in animal 10, as shown below. In these experiments also it appears that the early administration of vitamins A and D ensured proper development of the soft and calcified tissues and thus increased their resistance to periodontal disease.
Conclutsions and Summary.
(1) Periodontal disease can be produced and prevented under experimental conditions in dogs.
(2) Deficiencies of vitamins A and D in the diet are very important factors in the development of the soft and hard periodontal tissues.
(3) Vitamin A deficiency is largely responsible for the overgrowth and abnormality of the periodontal epithelium and the corium.
(4) Vitamin D deficiency is responsible for defects in the hard periodontal tissues (alveolar bone, lamina dura, etc.).
(5) The developmental variations during the period of growth are of the utmost importance in resistance of the tissues to disease. A deficiency of vitamin A and D during early life is of much greater significance than the same deficiency after the periodontal tissues are developed. Thus a defective diet during growth followed by a complete diet in maturity is more likely to lead to periodontal disease than a complete diet during development and a defective one during maturity. This may account for a condition often seen in man, namely, the presence of periodontal abnormalities in a mouth where there is little or no caries, a condition which would be explained by the consumption of a diet poor in fat-soluble vitamin A but rich in D during development and eruption of the permanent teeth, but containing a liberal supply of both vitamins in later life. I have shown [4] that the addition of fat-soluble vitamin D to a diet will check the onset of dental caries even when the structure of the teeth is poor.
(6) Injury, tartar and dirt have been regarded by many investigators as being of wetiological significance in periodontal disease, although others contradict this. In these experiments-(a) injury to the gingival margin tends to induce local periodontal disease; (b) where tartar and dirt accumulate, periodontal disease is usually more emphasized, but which is cause and which is effect it is impossible to say. Both tartar and periodontal disease are possibly produced by the same dietetic defects.
(7) The fact that two dietetic deficiencies may be concerned in the Wtiology of this disease, namely, the deficiencies of vitamins A and D, seems to throw light on one of the controversies as to whether the pathological changes of the soft tissues precede the bony changes or vice versa. It is probable that either may occur first on the above hypothesis, althougb, as a practical fact of dietetics in England, a deficiency of A usually involves also a deficiency of D and vice versa. Experiments are now in progress with the object of differentiating further between vitamins A and D in the aetiology of the different forms of periodontal disease.
(8) Although I have not emphasized the part played by cereals, the evidence available suggests that they antagonize both vitamins A and D.
REFERENCES.
[1] GREEN, H. N., and MELLANBY, E., Brit. Med. Journ., 1928 (ii) , 691.
[2] MELLANBY, E., (a) J. Physiol., 1918 , Proceedinqs, Jan. 26 and Dec. 14. (b) Lancet, 1919 (i), 407. (c) Medical Research Council, Special Reports Series, No. 61, 1921 [3] MELLANBY, MAY, (a) Lancet, 1918 (ii) , 767. (b) Dent. Record, 1920 , 40, 63. (c) Medical Research Council, Special Reports Series, No. 140, 1929 [4] (a) MELLANBY, PATTISON and PROUD, Brit. Med. Journ., 1924 (ii), 354. (b) MELLANBY and PATTISON, Brit. Dent. Journ., 1926 , xlvii, 1045 . (c) MELLANBY and PATTISON, Brit. Med. Journ., 1928 (ii), 1079.
Discussion.-Mrs. MELLANBY said that she and her husband had had an opportunity of examining in Johannesburg, during the previous year, the miouths of large numbers of natives collected from various centres for distribution to mines, etc. There they found disease of the gums fairly common but decay was comparatively rare except in a few of the more degenerate tribes. In Rhodesia and Kenya there had also been an opportunity of examining the teeth of adults and children. In the mission schools there seemed to be more caries than was found in the children running about freely in the sunshine. On the other hand, there was often very little caries in the teeth of the older students who had lived in the sunshine during their early years. Dogs did not get caries, at any rate readily, but, on the other hand, they, and especially pet dogs, suffered from periodontal disease. She was persevering with the question of caries in dogs and also in other animals. The breastfeeding of children, of course, was a most important problem, as was the diet of the mother during pregnancy and lactation. It was equally important that after weaning, the diet should be very carefully considered, for during those early years of rapid growth there was great need of the right substance in the food.
Dr. J. KINGSTON BARTON, referring to the slides exhibited, said that special interest attached to those showing animals which had been fed for the first five months on a good diet, passed on to a bad diet, and then again fed on a good diet. Those cases had strongly demonstrated the effect of proper diet from the beginning in the resistance to infective conditions. In children it was a curious thing that it was the milk teeth that led to various diseases. It was to be hoped that Mrs. Mellanby was working in that direction, because apparently the animals that had lived had suffered from pyorrhcea rather than from defects in the dental structure. His own experience had always been that in the case of a child from 12 to 16 years of age with really good teeth, the assertion could safely be made that the child had been fed at the breast. If the animals-and consequently the children-were fed on the proper diets in the first few months of life and up to the time of weaning, they could afford to go through long periods on false diets.
Dr. H. S. STANNUS, with regard to the observations on teeth made in Africa, said that pyorrhaea existed in many tribes to the extent of 100%, though in some cases not 1% showed the presence of caries. Although the native children were fed at the breast for two years, they were literally stuffed with carbohydrate, and all suffered from carbohydrate dyspepsia from early life. There appeared to be a deficiency of vitamin A and an abundance of vitamin D, and the circumstances seemed to afford an interesting example of the natural separation of vitamins A and D. He wondered if the diet given to the animals referred to by Mrs.
